Food allergy affects 4% to 8% of US children and its prevalence is increasing. 1, 2 Peanut allergy is the third leading food allergy in US children and rates are rising. 3 Peanut allergy is a frequent cause of fatal reactions and the most common cause of anaphylaxis in schools. 4, 5 Children spend most of their time in schools and 16% to 18% of children with food allergies experience reactions in school. 6, 7 Twenty-eight percent of children with peanut or tree nut allergy experiencing reactions in schools require epinephrine. 7 Peanut-free policies exist in some schools, 8 but it is unclear what policy, if any, is effective at preventing allergic reactions.
An unanswered question for families and school policymakers is the role of peanut-free tables, classrooms, and/or schools. Banning peanuts from schools may reduce exposure to a potentially lethal allergen; however, bans are difficult to enforce and may cause a false sense of security. 8 Peanut-free guidelines have resulted in decreased peanut content of lunches, 9 but the impact on allergic reactions was not evaluated. Controversies over pros and cons of school peanut-free policies result from lack of evidence regarding effects of policies on clinical outcomes. The goal of this study was to investigate whether the clinical outcome of epinephrine administration in schools was affected by school peanut-free policies.
We surveyed Massachusetts public school nurses on their schools' peanut-free policies and compared policies to mandatory reporting of epinephrine administration. We sought to (1) determine the frequency and types of school peanut-free policies and (2) evaluate the impact of peanut-free policies on rates of epinephrine administration for allergic reactions. 
METHODS

Determination of epinephrine administration in schools
After administering epinephrine, all Massachusetts school nurses must complete and submit a standardized data collection form (see Fig E1 in this article's Online Repository at www.jacionline.org) 10 to the Massachusetts Department of Public Health (MDPH). Reporting of epinephrine administration in all Massachusetts schools became mandatory in November 2003 under 105 CMR 210, the Regulations Governing the Administration of Prescription Medications in Public and Private Schools. Nurses completing forms were responsible for supplying allergy histories, including history of known allergy to specific foods, and trigger for reaction, if identifiable. Although nurses could enter ''peanut'' or ''tree nut'' (including specific tree nuts, eg, walnut), in some cases only the word ''nut'' was supplied. Given difficulty among students, family, and staff to correctly identify peanuts and tree nuts, 11, 12 high risk of cross-contamination among peanuts and tree nuts, 13 and generic use of the term ''nut,'' our analysis was based on ''peanut or tree nut'' exposure.
We reviewed epinephrine administration data from 2006 to 2011. Schools ranged from grade prekindergarten through special education beyond grade 12. Schools in the study were public schools in rural, suburban, and urban settings throughout the state. For purposes of data analysis, grade 5 and below was defined as elementary school, grades 6 to 8 as middle school, and grades 9 and above as high school. Some schools encompassed elementary as well as middle and/or high school grades, and thus were excluded from the analysis of strictly elementary or middle/high schools.
Assessment of school policies
Through the MDPH, we had access to a database of email addresses for Massachusetts public school nurses. All 379 nurses in the database were surveyed by email to retrospectively report their schools' peanut-free policies from 2006 to 2011 (see Fig E2 in this article's Online Repository at www. jacionline.org). Nurses were asked about the presence of specific policies and also whether their schools self-designated as ''peanut-free.'' A school could be self-designated peanut-free regardless of other specific peanutrestrictive policies in place. Schools that allowed peanuts to be brought from home or served by school were also analyzed regarding policies for peanut-free tables and classrooms. The study was approved by the Institutional Review Board of Boston Children's Hospital.
Statistical analysis
Descriptive statistics were used to characterize the sample. Pearson chisquare test was used to compare the prevalence of specific peanut-free policies over time and between grade levels. To model rates of epinephrine administration by academic year and school policies, we used generalized estimating equations (Poisson family, log link), clustering on schools, and defining exposure as the total number of students in the school. Wilcoxon rank sum test was used to compare school baseline demographic characteristics. A P value of less than .05 was considered statistically significant. Fig 1. On average, epinephrine administration increased by 23% per year for reactions to peanuts or tree nuts (P < .001) during the period 2006 to 2011. This outpaced rates of epinephrine administration for all causes (P 5 .04), which increased by 9% per year during this period. The effect of time on epinephrine use did not vary by school policies (all interaction effects P > .40). There were no food allergy-related anaphylaxis deaths in Massachusetts public schools during this 5-year period.
RESULTS
School epinephrine administration
School policy survey responses
Of the 379 nurses in the MDPH database, 209 (55.1%) responded. Responses represented 1,116,667 students from 2,223 public schools during AY 2006-2011. Some nurses were unable to provide information on all policies for all years, so those schools were excluded from analysis of a given policy. The number of schools was larger than the number of school nurses surveyed, as many nurses oversaw multiple schools. Table I presents baseline characteristics of schools responding to the survey in AY 2010-2011.
Characterization of school policies
We surveyed Massachusetts public school nurses on their schools' policies (Table II ). The percentage of schools self-designating as peanut-free ranged from 1.4% to 2.9%, with no significant change during the study period. During the 5-year study, 46 schools self-designated as peanut-free and 45 supplied complete policy information. These 45 schools with complete policy information were further analyzed (Fig 2) . The definition of self-designated peanut-free school was variable. All self-designated peanut-free schools banned peanuts from being served. Seventy-one percent also banned peanuts from being brought from home. Twenty-four percent allowed peanuts to be brought from home but had peanut-free tables and classrooms. Four percent allowed peanuts to be brought from home and did not have peanut-free tables or classrooms.
Impact of policies on epinephrine administration
We had detailed school policy information for 18.1% (N 5 27 of 149) of students receiving epinephrine for peanut or tree nut exposure during the 5-year study (Table III) . Survey information was not available for where food exposure occurred, but rather where allergic symptoms developed. Because allergic reactions can occur minutes to hours after food ingestion, 14 the location where symptoms developed may not be the same as where allergen exposure occurred.
We compared reporting of epinephrine administration for peanut or tree nut reactions to policies (Fig 3) . Schools with peanut-free tables compared to without had lower epinephrine administration rates (incidence rate [IR] per 10,000 students 0.2 and 0.6, respectively, P 5 .009). Policies restricting peanuts brought from home, served in schools, or having peanut-free classrooms had no effect on epinephrine administration rates. There was no difference in the impact of school policies on epinephrine administration for children with previously diagnosed versus new presentation of peanut or tree nut allergies. Stratified by grade level, middle/high schools with peanut-free classrooms compared to without had lower epinephrine administration rates (IR per 10,000 students 0.1 and 0.5, respectively, P 5.01). Grade level did not moderate the effect of other policies.
School policies had no effect on rates of epinephrine administration for any cause, other food exposures, or unknown triggers. Therefore, statistically significant differences in epinephrine administration in schools with policies regarding peanut-free tables and self-designation of peanut-free were specific to reactions to peanuts and tree nuts and not to other allergens.
Self-designated peanut-free compared with non-self-designated peanut-free schools had higher epinephrine administration rates (IR per 10,000 students 1.0 and 0.2, respectively, P 5 .04). This finding was statistically significant, but because of the small number of self-designated peanut-free schools, there were only 2 students in 2 self-designated peanut-free schools treated with epinephrine (Table III) : an 8-year-old boy with known tree nut allergy ate a walnut-containing cookie and developed symptoms in the cafeteria (subject 1) and a 14-year-old girl with known peanut allergy ate a peanut butter cookie and developed symptoms in the hallway (subject 2). It was not known where the peanut butter cookie was obtained but the walnut-containing cookie was brought from home. Both reactions occurred in schools that did not serve peanuts and had peanut-free tables and classrooms, but did allow peanuts to be brought from home. It was not known if the initial ingestions happened at peanut-free tables or in peanut-free classrooms.
There was no difference in epinephrine administration rates for schools both banning peanuts from being brought from home and not serving peanuts-what might be considered a ''true'' peanutfree school-compared with schools allowing peanuts from home and/or served by schools (IR per 10,000 students 0.3 and 0.3, respectively, P 5 .88). There was 1 student in 1 school banning peanuts from being brought from home and served by school treated with epinephrine: an 8-year-old girl with known peanut allergy was exposed to another student with a snack containing peanut butter and developed symptoms in the classroom (subject 3). This school was not self-designated peanut-free. Of the 74 schools banning peanuts from being brought from home and served by schools, 43.2% (N 5 32) identified as self-designated peanut-free schools.
DISCUSSION
Our study is the first examining epinephrine administration rates for peanut and tree nut reactions in schools over time, and rates are increasing. Although Banerjee et al 9 demonstrated that peanut-free classrooms were associated with decreased lunch peanut content, no studies have examined clinical outcomes of schools' peanut-free policies. This is a crucial public policy question that must be addressed, especially as rates of food allergy and anaphylaxis to peanuts and tree nuts in schools rise. To attempt to improve the safety of children with food allergies in schools, the Centers for Disease Control and Prevention, in consultation with the US Department of Education, developed voluntary guidelines for managing food allergies in schools. 15 Within this document, there are no formal recommendations for schools to implement school-wide nut-free policies.
Current food allergy management consists of allergen avoidance and treating severe reactions with epinephrine. 16 Allergen avoidance in children poses unique challenges because of variable age-related communication and attention skills, poor impulse control, frequent tactile behaviors resulting in oral exposures, and reliance on multiple caregivers for food allergy management and treatment. 8 These issues naturally raise the concern for families, school personnel, caregivers, and the community in how to balance safety concerns with non-evidence-based policies that may be difficult to implement and could be perceived as overly restrictive.
A unique finding of our study was the diversity of school policies restricting peanuts. From 2006 to 2011, 56.6% to 59.1% of schools banned peanuts from being served, 90.5% to 91.1% had peanut-free tables, 65.6% to 67.4% had peanut-free classrooms, and 6.3% to 10.3% banned peanuts from home. Importantly, there was considerable variability in how schools defined a Number of schools with a given policy (numerator), total number of schools reporting policy (denominator), and percentage of schools with policy are shown. Number of schools reporting policy (denominator) varies on the basis of schools supplying specific policy information for each year. Some schools encompassed elementary and middle/high school grade levels, so were excluded from analysis of strictly elementary or middle/high schools.
self-designated peanut-free school, making the term misleading and open to misinterpretation. This poses significant risks for food-allergic children if people assume that the school environment contains no peanut when in fact peanut may be present. In a telephone survey of 80 schools and preschools in Maryland and Virginia during 1999-2000, 6 26% had peanut-free tables, 24% restricted peanuts from schools or classrooms, and 4% banned peanuts or tree nuts from being served by the school. In contrast, we found considerably more schools with peanut-free tables and classrooms and that banned peanuts from being served. This 2001 study was performed earlier in the peanut allergy epidemic, so policies may have changed significantly over the years.
Ours is the first study correlating specific peanut-restrictive policies with the outcome of epinephrine administration in school settings. Previous studies have described characteristics, triggers, and emergency management of anaphylactic reactions in schools, 6 ,10 but none has evaluated the impact of peanut-free policies on anaphylaxis. We examined the association between school policies and epinephrine administration and found that the presence of peanut-free tables was associated with decreased epinephrine administration rates. Although statistically significant, this finding was due to 7 reactions in 196 schools without peanut-free tables, compared with 19 reactions in 1875 schools with peanut-free tables. The presence of peanut-free classrooms and banning peanuts from being brought from home or served by schools had no significant effect on epinephrine administration rates. One explanation for these findings is that policies regarding peanut-free classrooms or banning peanuts from being brought from home or served by schools are not effective at reducing exposure to peanuts and tree nuts. If peanuts are truly not allowed or present in these settings, one would expect a reduction in epinephrine administration rates. Therefore, it is likely that variability and/or difficulty in enforcing policies accounts for the lack of apparent impact. For example, schools may differ on who determines whether a food is ''peanut-free'' or ''tree nut-free''; school personnel and students/families may have different interpretations of what constitutes a ''peanut-free'' or ''tree nutfree'' food; and students/families-with and without food allergies-may not always read labels carefully before sending food to school.
Self-designated peanut-free schools had higher epinephrine administration rates compared with schools not self-designated as peanut-free. This difference was due to reactions in 2 students in self-designated peanut-free schools that did not serve peanuts and had peanut-free classrooms and tables, but did allow peanuts brought from home. This highlights the fact that self-designated peanut-free schools allowing peanuts to be brought in are not ''peanut-free.'' It is noteworthy that the child with known tree nut allergy reacted to a walnut-containing cookie brought from his own home. Interestingly, there was no difference in rates of epinephrine administration in schools that banned peanuts from being brought from home and served by schools-what might be considered a ''true'' peanut-free school-compared with schools that allowed peanuts from home and/or served by schools. In fact, 1 student in a school that banned peanuts from being brought from home or served by the school reacted to a classmate's peanutcontaining snack. These reactions underscore the need for parents, school staff, and children, as developmentally appropriate, to remain vigilant and carefully read food labels, even if they believe they are in a ''peanut-free'' setting.
From a practical perspective, it may be easier for school staff to enforce specific food allergen-free tables, affecting a limited number of students, rather than implementing classroom-wide or school-wide bans on specific food allergens. This is supported by our finding that peanut-free tables but not school-wide policies of banning peanuts from being served by or brought to school or labeling a school as peanut-free were associated with decreased rates of epinephrine administration.
Several limitations in our study must be acknowledged. We relied on school nurse reports of school policies, epinephrine administration, and allergic triggers, which could introduce bias. However, school nurses, with their integral role in managing One hundred forty-nine students were treated with epinephrine for peanut or tree nut exposure during the 5-year study period. Data for the 27 students for which school policy information was available are presented. In most cases, specific allergic reaction symptoms were documented. However, for subjects 2, 3, 7, food-allergic children, [17] [18] [19] should provide an acceptable representation. 20 Reporting of epinephrine administration in Massachusetts schools is mandatory, and school nurses are experienced at accurately completing reporting questionnaires. 10 We used epinephrine administration as a proxy for anaphylaxis. However, allergic reactions can vary in severity and there may be heterogeneity in treatment. 16 We acknowledge that some symptoms may be misclassified as not being allergic reactions, and alternatively some symptoms may be incorrectly attributed to allergic reactions. Furthermore, school nurses and students may not have been able to accurately identify the cause of an allergic reaction. The MDPH questionnaire provides information on where allergic symptoms developed, but not where allergen exposure occurred. Therefore, when analyzing the impact of peanut-free tables or classrooms on allergic reactions, if exposures did not occur at tables or in classrooms, the impacts of these policies could be overestimated or underestimated.
We received responses from 55.1% of nurses surveyed on policies, representing 24.0% of Massachusetts public schools. Schools supplying information may not be representative of all Massachusetts schools. Compared with schools not supplying policy information, either because nurse contact information was unavailable to distribute surveys or nurses did not return questionnaires, schools responding had similar numbers of enrolled students and proportions of low-income students and students in special education, but had a higher proportion of racial minorities (21.5% vs 18.1%, P < .001). Our survey was limited to public school nurses, and prevalence of policies and rates and treatment of allergic reactions may differ between public and private schools.
Given difficulty among children, adults, and health care professionals to correctly identify peanuts and tree nuts, 11, 12 and high risk of cross-contamination, we analyzed epinephrine administered for combined peanut and tree nut reactions rather than only peanuts. However, our survey focused on peanut-free rather than peanut and tree nut-free policies and we compared these policies to epinephrine administration for peanuts and tree nuts. This could result in potential misrepresentation of the effects of peanut-free policies, because peanut-free policies may not address the presence of tree nuts. Schools with peanut-free policies may have a higher prevalence of peanut and tree nut-allergic students or a lower threshold for suspecting and treating allergic reactions, which could impact results.
When considering the implications of our findings and proposing school policies for management of students with food allergies, we must recognize that school-wide peanut-free policies affect all students and families, not just those with food allergies. Potential positive impacts are improving the safety of children with food allergies and increasing school and community awareness of food allergy and management. However, there may be unanticipated negative consequences of certain policies. For example, children at peanut-free tables may feel isolated from peers and could become targets of bullies. This is not insignificant, as children with food allergies report decreased quality of life, 21, 22 increased stress and anxiety, [23] [24] [25] and are frequent victims of bullying, often in schools and by classmates. 23 Policymakers need to consider these issues and make thoughtful decisions such as, for example, allowing friends with ''safe'' lunches to be seated at peanut-free tables 1 or allowing students to ''opt out'' of sitting at peanut-free tables if psychosocial consequences outweigh potential medical safety benefits. Policies may also negatively impact students without food allergies. Students without allergies may be prevented from bringing lunches containing peanuts or tree nuts, causing frustration for students and families. Peanuts and tree nuts can be healthy and important nutrition sources for nonallergic children and may be key components of certain diets such as vegetarians. 26 Our findings provide the first report of the prevalence and range of school peanut-free policies and the potential impact on allergic reactions. The lack of uniformity in school peanut-free policies is concerning and suggests the need for standardizing these policies, or, perhaps better, eliminating the label of self-designated peanut-free school and instead using descriptive terminology for specific restriction policies. This study is a first step that can lead to evidence-based school policies that could significantly improve the safety for children with food allergies in schools. Implementing school policies focused specifically on peanut-free tables may decrease rates of allergic reactions and epinephrine administration for peanut or tree nut exposure. However, because a small number of students had allergic reactions in schools without peanut-free tables in our study, it is possible that larger studies may not show that peanut-free tables are effective at decreasing reactions. The success of policies will likely depend largely on the extent to which policies are appropriately and consistently enforced. Regardless of policies in place, it is important to remain vigilant that food allergens may still make their way into schools despite such policies, and to always have ready access to epinephrine for timely treatment. Our hope is that our findings will lead to evidence-based strategies and policies for preventing food-allergic reactions and anaphylaxis in schools.
Conclusions
Anaphylaxis in schools is a significant public health problem. Schools with peanut-free tables compared to those without had lower epinephrine administration rates for peanut or tree nut reactions. Our data provide the first report of school peanut-free policies and the impact of these policies on epinephrine administration. Determining the influence of peanut-free policies on allergic reactions may inform school policies for food allergy management. Clinical implications: Schools with peanut-free tables, compared to without, had lower epinephrine administration rates. Other peanut-restrictive policies did not affect epinephrine administration rates. These findings may inform school policies.
